To determine whether the direct measure of visceral adipose tissue (VAT) by computed tomography (CT) is a superior diagnostic criterion to the anthropometric surrogates and more classical criteria of obesity. DESIGN: Cross-sectional, clinical study. Obese boys were classified according to the occurrence of abnormal values in either serum triglyceride, alanine aminotransferase or insulin level. A threshold value of each criterion for such metabolic derangement was calculated, using the analysis of receiver operating characteristic (ROC) curve. SUBJECTS: Seventy-five consecutive outpatient Japanese obese boys, ranging in age from 6 to 14 y, were studied. MEASUREMENTS: Anthropometric indices measured were height, body weight, waist girth, hip girth, triceps and subscapular skinfold thicknesses. Classical criteria for obesity used were percentage overweight (POW), body mass index (BMI) and percentage body fat. Waist girth, sagittal diameter by CT and waist -hip ratio (WHR) were evaluated as anthropometric surrogates for VAT. The areas of total abdominal fat (TAF), VAT and subcutaneous adipose tissue (SAT) were measured by CT at the level of the umbilicus. Clinical blood biochemistry was analyzed in fasting blood samples of obese boys. RESULTS: Thirty-three boys were classified into a no-complication group, and 42 into a complication group. TAF, VAT and SAT areas were closely associated with age, body size and degree of overweight and adiposity, while VAT=SAT was not. VAT area, sagittal diameter, TAF area and waist girth were closely correlated with alanine aminotransferase, insulin, TG and HDL-C. VAT=SAT, BMI, SAT area, WHR, percentage body fat and POW were less closely associated with these biochemical indices. The descending order of the values of area under the curve for the ROC curves were as follows: VAT > sagittal diameter > TAF > VAT=SAT > waist girth > BMI > WHR > percentage body fat > POW. Both VAT area and VAT=SAT gave > 80% of sensitivity and specificity. Among the anthropometric indices studied, the sagittal diameter was the best surrogate of visceral fat measure. The sensitivity and specificity for the rest of the anthropometric indices were in an unsatisfactory range. The threshold values for VAT area, VAT=SAT and sagittal diameter were 58.0 cm 2 , 0.276 and 19.2 cm, respectively. CONCLUSION: The threshold values for VAT area, VAT=SAT and sagittal diameter for detecting biochemical complication in Japanese obese boys were lower than the respective values reported in adults. These values can be used for classifying the obese boys into two types: those with medical problem and those without.
Introduction
Adipose tissue stores are heterogeneous with respect to metabolic activity and relation to disease risk. In adult, visceral adipose tissue (VAT) has emerged as the clinically relevant type of body fat independent of total body fat. 1, 2 Adverse health effects of VAT increase include insulin resistance, type 2 diabetes mellitus, hyperlipidemia and atherosclerosis in adults. 3 Such metabolic derangement does not result in overt disease at pediatric ages. However, epidemiologic evidence supports the theory that the relation between obesity and disease risk begins early in life. 4 We have reported that hypertriglyceridemia, hyperinsulinemia and an elevation of serum transaminase level due to fatty liver are the three major abnormalities in clinical blood biochemistry (ie metabolic complication) associated with obesity in Japanese children. 5, 6 Several previous reports disclosed that VAT area at the level of umbilicus was relatively small in children than in adults, 7 -10 although it is difficult to compare absolute amounts because of differences in body size. Strong relevance of visceral fat accumulation to dyslipidemia and hyperinsulinemia has been recognized even in children. 11 -13 In Japanese adults the ratio of VAT area over subcutaneous adipose tissue (SAT) area (VAT=SAT) at the level of umbilicus is postulated to be a diagnostic criterion for classifying obesity into two types: subcutaneous fat obesity and visceral fat obesity.
14 According to these investigators, the threshold value of VAT=SAT is 0.4.
The body fat pattern, such as upper body obesity and abdominal obesity, reflects visceral fat accumulation. Anthropometric measures such as waist girth, 15, 16 abdominal sagittal diameter 17 and waist -hip ratio (WHR) 18, 19 have been recognized as useful alternatives to visceral fat measurement in epidemiological studies. Previous studies in children with different ethnicities suggested that direct measure of VAT area correlated better with metabolic indices than the anthropometric surrogates did. 7,10 -12 Adult studies 20 disclosed that oriental people are more susceptible to metabolic derangement induced by mild obesity than white people are. Thus, mild obesity may have a significant impact on the health problems in Japanese children. However, the visceral fat has not yet been studied systematically in Japanese obese children. To date, no previous study has focused on which physical index, including visceral fat measures, is most powerful in detecting biochemical abnormality in Japanese obese children.
The present study was designed, as the first pilot study, to explore diagnostic criteria for medical problems in obese boys who visited an outpatient clinic. The aim of the study was to determine whether the VAT area (or VAT=SAT) measured by computed tomography (CT) is a superior diagnostic criterion to the anthropometric surrogates and more classical criteria of obesity: percentage overweight (POW), body mass index (BMI) and percentage body fat in obese boys aged 6 to 14 y. Using the analysis of receiver operating characteristic (ROC) curve, we calculated a threshold value of each criterion for the occurrence of biochemical abnormalities.
Materials and methods

Subjects
The study subjects were 75 obese Japanese boys, who visited the Clinic for Obese Children in Yamanashi Medical University during 3 y (from November 1997 to October 2000). Those who underwent visceral fat measures by CT were consecutively enrolled in the present study. According to the criterion adopted by the Ministry of Health, Labor and Welfare in Japan, a child was considered to be obese when the body weight exceeded 120% of the standard body weight, which is defined as the mean body weight corresponding to the height for that age obtained from national statistics for Japanese school children. The age of the subjects ranged from 6 to 14 y. They had no endocrine, metabolic or kidney disease other than obesity. They were instructed to visit the clinic in the morning, after an overnight fast. Blood was drawn and, at the same time,they were subjected to anthropometric measurements including height, body weight, waist girth, hip girth, and triceps and subscapular skinfold thicknesses. On the same day, abdominal adipose tissue distribution was measured by CT.
The Human Study Committee of Yamanashi Medical University approved this study. Informed consent was obtained either from each subject or from his or her parents as appropriate.
Anthropometric measurements
Anthropometric measurements were performed, as described previously, 5, 6 by the medical staff in the Department of Pediatrics, Yamanashi Medical University. In brief, height was measured to the nearest 0.1 cm and body weight to the nearest 0.1 kg using a stadiometer. A plastic measuring tape was used to determine the waist girth at the level of the umbilicus, and hip girth at the level of maximum extension of the buttocks, to the nearest 0.1 cm, with the subject standing and following a normal expiration. Skinfold thickness was measured to the nearest 0.1 cm using the Harpenden skinfold calipers (model SUF-101, Nihon Light Service Inc., Tokyo, Japan) at the following sites: triceps -half-way between the acromion and the olecranon; subscapular -1 cm below the inferior angle of the scapula. Skinfold was measured on the left side in right-handed children and on the right side in left-handed children.
POW was calculated using a small programmed calculator (Pocket Growth Checker GEN-185, Sumitomo Pharmaceuticals Co., Osaka, Japan), based on data collected in a 1990 nationwide survey of school children. The percentage body fat based on the sum of triceps and subscapular skinfold thicknesses was obtained using Brozek's equation, 21 after body density was calculated according to Nagamine's formula 22 for Japanese children, as described previously.
5,6
Measurement of abdominal adipose tissue distribution SAT and VAT were measured by CT using a GE-9800 scanner (General Electric Medical Systems, Waukesha, WI, USA) running on 120 kV p , 200 mA, 2.0 s scan time and 10 mm slice thickness. A single slice CT scan of the abdomen was performed at the level of the umbilicus and analyzed for crosssectional area of adipose tissue. Adipose tissue area was measured in cm 2 using Density Mask software assuming a density of 740 to 7140 Hounsfield Units for adipose tissue, as described by Tokunaga et al. 23 Sagittal diameter was
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Biochemical methods
Serum total cholesterol (T.Chol.), triglyceride (TG), highdensity lipoprotein-cholesterol (HDL-C), apolipoproteins A 1 , A 2 and B, and serum insulin were measured in the clinical laboratory of Yamanashi Medical University Hospital. T. Chol. and TG were measured enzymatically with commercial kits (Determiner L TC, TG, Kyowa, Medex, Tokyo, Japan). HDL-C was measured by a dextran sulfate -Mg 2þ precipitation method. Apolipoproteins A 1 , A 2 and B were measured by an immunoturbidimetry method using commercial kits (apolipoprotein A 1 , A 2 , B determination kits, Daiichi Chemicals, Tokyo, Japan). Insulin was assayed by a two-site immuno-enzymometric method using commercial kits (EIA-PACK IRI, Tosoh, Tokyo, Japan). Low-density lipoprotein-cholesterol (LDL-C) was calculated from the Friedewald equation (LDL-C ¼ T.Chol.7HDL-C7TG=2.18). 24 The reference values of the serum biochemical indices were obtained from fasting samples of 131 nonobese children as described previously. 25 This group consisted of 69 boys and 62 girls, ranging in age from 6 to 15 (mean 10.0) y and no history of endocrine, metabolic or renal diseases. There were no appreciable gender-related differences among the clinical laboratory data in these children. The normal range was defined as the values between the 10 and 90 percentile levels of the reference samples. TG > 1.28 mmol=l, alanine aminotransferase (ALT) > 29 U=l and insulin > 115 pmol=l were considered to be abnormal. Obese subjects were classified into two groups according to the occurrence of abnormal values in either serum TG, ALT or insulin level. Among 75 boys, seven boys had the abnormal values in all three factors, 18 in two factors, and 17 in one factor. Those who had at least one abnormal value (n ¼ 42) were assigned to complication group and those without it (n ¼ 33) to no complication group.
Statistical methods
Data are presented as the means and standard errors of means (s.e.m.). Since the data for TG, ALT and insulin were significantly skewed, they were transformed logarithmically before performing a statistic analysis. The difference between the means was estimated by the Student's unpaired t-test. The values were considered to be statistically significant at P < 0.05. The ROC curves were analyzed by MedCalc software version 4.20.021, provided from Dr Frank Schoonjans, Mariakerke, Belgium. The rest of statistical analyses were performed using SPSS version 8.01J (SPSS Inc., Chicago, IL).
Results
Physical status and biochemical data of the obese children The complication group was older, taller and heavier than the no-complication group (Table 1) . Similarly, POW, BMI, the waist girth, sagittal diameter, WHR and percentage body fat were greater in the complication group than in the nocomplication group. Total abdominal fat (TAF), VAT and SAT areas and VAT=SAT were also greater in the complication group than in the no-complication group.
By definition, ALT, TG and insulin were much higher in the complication group than in the no-complication group (Table 2) . Apo B was also higher, and HDL-C was lower, in the complication group than in the no complication group. T. Chol., LDL-C, and apo A 1 and A 2 were similar in both groups. Table 3 summarizes the Pearson's correlation coefficients between anthropometric indices and adipose tissue areas. TAF, VAT and SAT areas were closely correlated with all anthropometric indices listed in the Table 3 , while VAT=SAT was significantly correlated with only sagittal diameter and Visceral fat in Japanese obese boys K Asayama et al WHR. Thus, VAT=SAT was independent of age, body size and the degree of overweight and adiposity. Among biochemical indices, ALT, insulin, TG and HDL-C were significantly correlated with the majority of the physical indices studied (Table 4) . VAT and sagittal diameter were closely correlated with all these four biochemical indices. TAF area and waist girth were almost equally well correlated with these four factors. SAT area, VAT=SAT, BMI and WHR were less closely associated with these factors. POW and percentage body fat were only marginally correlated with these factors. Apo A 1 was weakly correlated with VAT area, VAT=SAT and sagittal diameter. Apo B was weakly correlated with TAF and VAT areas, POW, BMI and waist girth. T. Chol., LDL-C and Apo A 2 were correlated with no physical index studied here (data not shown).
Univariate correlation analysis
ROC analysis for indices of obesity
The results of ROC analysis are summarized in Table 5 . The indices of obesity are arranged in the descending order of the values of the area under the curve (AUC) for the ROC curves in the table. The mean values for AUC were VAT area > sagittal diameter > TAF area > VAT=SAT > waist girth > BMI > WHR > percentage body fat > POW. Both VAT area and VAT=SAT give > 80% of sensitivity and specificity. The sensitivities for sagittal diameter and TAF area were also > 80%, but their specificities were in 70s. For waist girth, BMI, WHR, percentage body fat and POW, either the sensitivity or specificity were < 70%. The AUC for VAT area was similar to that for VAT=SAT, and was significantly greater than those for the rest of the indices. The AUC for sagittal diameter and TAF area were significantly greater than those for BMI, WHR, percentage body fat and POW. The AUC for VAT=SAT and waist girth were significantly greater than those for percentage body fat and POW. The AUC values for BMI, WHR, percent body fat and POW showed only a marginal difference from each other.
Discussion
The boys with complication were older and also more obese in terms of POW, BMI and percentage body fat than those without complication. The anthropometric criteria for body fat distribution and abdominal fat areas were all greater in boys with complication than in those without complication. In addition to the difference in ALT, TG and insulin, which were the selection criteria for the complication, apo B and HDL-C differed significantly between groups, and showed an atherogenic change in the complication group. It is generally accepted that HDL-C and TG change reciprocally from each other. Such was the case in the present series. There was an inverse correlation between TG and HDL-C (r ¼ 70.487, P < 0.001).
By introducing a new anthropometric index of body fat distribution based on WHR adjusted for stature, we previously demonstrated that the body fat distribution Pearson's correlation co-efficient for each set of variables. The abbreviations are the same as in Tables 1 and 2 . *P < 0.05; ** P < 0.01; *** P < 0.001. a These parameters were subjected to correlation analysis after logarithmic transformation. Pearson's correlation coefficient for each set of variables. The abbreviations are the same as in Table 1 . * P < 0.01; ** P < 0.001.
Visceral fat in Japanese obese boys K Asayama et al changed with age in Japanese obese children. 6 The older children tended to be more centrally obese and to gain more abdominal fat than the younger ones. 6 This was considered as the general worsening of body build during growth in Japanese obese children. 6 The present results were in keeping with this concept and added a new information that the older obese boys tended to gain more visceral fat than the younger ones. Although VAT=SAT ratio did not appeared to be affected by age or body sizes, this factor was also higher in the complication group than in the other group.
Several recent adult studies have proposed that the waist girth better reflects VAT area, 26 insulin sensitivity 27 and glucose tolerance 28 than the WHR. Other investigators have suggested that sagittal diameter is a better correlate to VAT area than waist girth or WHR. 17 In an attempt to obtain a prediction formula for VAT area in children, multiple regression analysis was performed assigning VAT area as dependent variable. 29, 30 The ethnicity, sagittal diameter and WHR were chosen as explanatory variables in one study, 29 while abdominal and subscapular skinfold thicknesses and ethnicity in another study. 30 It appears to be more difficult in children, whose circumference measures change depending on the height, than in adults to explore the anthropometric index that best reflects VAT accumulation. The normal value for WHR decreases with age in children, 5, 6 and such physiological variability of the absolute value makes this index unsuitable for use as a clinical standard.
In univariate correlation analysis, VAT=SAT appeared to be independent of age, body size, the degree of overweight and adiposity. On the other hand, the close correlation between all the anthropometric indices studied and the TAF, VAT or SAT areas indicated that the increase in the fat areas per se was dependent on the linear growth of the children. The close association between the indices of obesity and ALT, insulin, TG or HDL-C implies that the latter biochemical parameters are early signs of metabolic derangement associated with obesity. This finding supports our assumption that ALT, insulin and TG are the primary factors representing metabolic derangement in obese children. 5, 6 On the other hand, T. Chol. and LDL-C, which represent coronary risk in adults, were correlated with no physical indices studied here. This finding was also consistent with the observation in our previous series of obese boys. 6 VAT area has previously been reported to be better related with blood biochemistry than SAT, 7,10 -12 WHR, 11,12 BMI 11 or percentage body fat 10 in children. In the present obese boys VAT and TAF area, sagittal diameter and waist girth better associated with biochemical complication than VAT=SAT, SAT area, POW, BMI, WHR and percentage body fat. The results of the univariate correlation analysis support the notion that abdominal obesity due to VAT accumulation is responsible for the metabolic risk in children.
The present ROC analysis clearly indicated that VAT was the best diagnostic criterion for detecting early metabolic complication in Japanese obese boys. Among the anthropometric indices studied, the sagittal diameter was the best surrogate for the same purpose. Although the AUC for sagittal diameter was not significantly greater than those for the waist girth and WHR, the specificity for the sagittal diameter (72.7%) was higher than those of the waist girth and WHR (66.7%). Such difference in the specificity appears to be critical when used clinically. The VAT=SAT was as good as the VAT area in terms of specificity, and was the only factor whose AUC was not significantly different from that of VAT area. Independence of VAT=SAT on age, body size, POW and adiposity is definitely an advantage. However, absolute value of fat area is much smaller in children than in adults, rendering the value of VAT=SAT relatively unstable, especially in young children. The present results of ROC analysis, that VAT area was the best detector but POW and percentage body fat were poor detectors of metabolic derangement, indicated that visceral fat but not total body fat was responsible for the adverse health effects in obese children.
The threshold value of VAT accumulation for cardiovascular risk has been reported to be 130 cm 2 in adult studies, 15, 16 whereas the present threshold value (ie 58.0 cm 2 ) in obese boys was much lower than that in adults. Lemieux et al 15 reported that the threshold value for sagittal diameter was 22.8 cm in men and 25.2 cm in women. The threshold values for VAT=SAT area (ie 0.276 vs 0.4 in Japanese adults 14 ) and sagittal diameter (ie 19.2 cm) obtained here were also much lower than those reported in adult studies. 15 According to the ROC analysis of VAT area in women performed by Williams et al, 31 the VAT area above which disease risk would be increased was 110 cm 2 , and that below which the risk would not be affected was 40 cm 2 . Thus, the present threshold value for VAT area was higher than the low threshold value of adults. This result suggests that VAT accumulation of > 58.0 cm 2 has physiological significance, although the value is lower than the high threshold value of adults.
In the present analysis, VAT area was the best diagnostic criterion, although this was an age-dependent variable. On the other hand, VAT=SAT was a little less sensitive and was less closely associated with blood biochemistry than VAT area was, but was independent of age. The present groups consisted of only boys, and the complication group was somewhat older than the no complication group. Further larger-scaled studies on a multi-center basis are necessary to determine the threshold values of both factors in more limited age groups and in both genders. The better criterion, VAT area or VAT=SAT, in Japanese obese children should be determined in further studies.
The results of the present study suggest that the threshold values for VAT and TAF areas, VAT=SAT and sagittal diameter can be used for classifying the obese boys into two types: those with medical problem and those without. Such medical information certainly helps obese children and the family to enhance the motivation for treating obesity. These criteria can serve as a benchmark for deciding to what extent medical staff should intervene with individual obese boys.
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